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Introduction. 


Since the Raman effect was discovered 1928, the investigations 
this line have made rapid progress especially the field organic 
chemistry. Studies the effect the length organic molecule and 
splitting the hydrocarbon chain upon the vibration atom 
atom group attached the end the molecule have been matter 
interest. Harkins and his Dadieu and Kohlrausch® have 
been published several papers this subject. Alkyl habides®, fatty 


some esters the fatty acids®, fatty have been 
already studied the investigators above mentioned and others. The 
present authors carried out the experiment esters the aromatic 
carboxylic acid and fatty acids view the standpoint ascertain 
the free rotation the alkyl groups and confirm the inner and outer 
vibration the valency frequencies between the alkyl groups and other 
atom groups. The materials used the present research have been 
synthesized carefully and purified repeated distillations. Some the 
physical constants the samples used have also been studied. 


Experimental. 


The investigation was carried out arrangement similar 
that described quartz mercury vapour lamp 
working 100 volts, amperes, D.C., was used the source 
illumination. 

The spectrum the scattered light was taken means Adam 
Hilger glass prism spectrograph. The photographic plates APEM, 5000 
and were used. The dispersion obtained was per m.m. 
4050 and per m.m. 5040 which was the range over which 
the experiments were conducted. The exposure was required from four 
fourteen hours for different substances. The spectra were taken several 
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times for each sample, least the accidental errors should occur, and the 
repurifications were carried out every time. 

The wave lengths were measured means the micrometer. The 
iron comparison spectrum was recorded each plate. But, most 
the Ramen lines were weak and diffuse, that could not measure 
without the error +0.5 A., especially, the very weak lines, such 
those having 0,14 and their relative intensities, could scarcely 
measure them with the assistance the fine ink-marks which were cor- 
rected the before measuring under the micrometer. 

The intensities were visually estimated, taking that the strongest 
line 10, and that was scarcely visible the suitable direction light 

For recording the state the line, the following abbreviations were 
sharp, diffuse, broad, bb: very broad, dd: very diffuse, 
8s: very sharp, dv: diffuse towards the violet, dr: diffuse towards the red. 


Apparatus. The Raman tube containing the liquid about cm. 
length and 1.5cm. diameter. About three fourths its length 
enveloped cooler through which the cooling water passes continuous- 
keep the temperature constant during the experiment. 


RAMAN TUBE 


MERCURY VAPOUR LAMP 
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The part, the tube made the brown glass prevent the light 
scattered from the outside. side tube, provided for pouring the 
sample and inserting the thermometer for measuring the temperature 
the sample. For small quantity sample, the tube about 
capacity, made our laboratory, was used. 

The two electrodes the quartz mercury vapour lamp are cooled 
the water jackets fixed the two sides protect them from superheat- 
ing (Fig. 2). 
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The tube the light-source and the Raman tube are enclosed 
elliptical cylinder that the axes the tube and that the body 
the light fall the two foci. The cylinder made metal which has 
been well polished and plated with nickel. These tubes and the wall 
cylinder are parallel each other (Fig. 3). 

The quartz mercury vapour lamp and the set the Raman tube, 
constructed Prof. Asada the Osaka Imp. Univ., were obtained from 
the Central Trading and M.F.G. Co. Ltd., Osaka. 


Preparation and Purification the Substances. All the alkyl 
benzoic acid were made from the dehydrated alcohols and the acid 
the action conc. sulphuric acid dry hydrochloric acid gas. 


Cyclohexyl was prepared warming the mixture 
cyclohexanol and chloride presence pyridine. 


o-Kresyl was prepared from o-kresol and chloride. 
Acetate and o-kresol were synthesized from acetic acid an- 
hydride and phenol and o-kresol respectively, presence anhydrous 
sodium acetate. 

Penol butyric acid was prepared from butyric acid chloride 
and phenol. 


All the samples used were purified repeated vacuum distillation 
(10-6 mm. Hg.), after dehydrated over calcium chloride. For testing the 
purities the samples, the physical constants, namely, density 
15°C., refractive index 15°C. and boiling point were measured. 


The Experiment. For the sake simplicity, the number the sub- 
stance observed (the column), the name the substances (the 2nd), 
the number the table (Tb. No.) (the 3rd), the numbers the Raman 
lines (n) (the 4th), the number the plate (pl. No.) (the 5th), and the 
conditions under which the spectra were taken, viz., breadth the slit 
(St.) (the 6th), electric current (C) working the mercury vapour lamp 
(the 7th), temperature (7) the sample during the experiment (the 
8th) and the time exposure (t) (the 9th), have been tabulated the 
following: 
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Table 


benzoate 


benzoate 


n-Butyl benzoate 


benzoate 


benzoate 


benzoate 


benzoate 


benzoate 


chloride 


phenol 
butyrate 


nanan 


o-kresol 


1933] 
t | 
1 9 a 
| | 
| | | 
| 
| | | | 
| | | 


Matsuno and Han. [Vol. 


The Notations the unmodified mercury lines are shown 


Table 


Notation Wave length (in Wave number (in 


3650 27388 
3655 27353 
3663 27293 
4047 24705 
4078 24518 
4339 23039 
4348 22995 
4358 22938 


The physical constants the substances studied are tabulated: 


Table 


(in reduced b.p. 


pressure 
mm. (Hg)) (at atm.) 


Substance 


benzoate 77°/ 199° 1.0929 1.5177 
benzoate /10 212 1.0510 1.5068 
benzoate 105 /10 231 1.0248 1.5013 
benzoate 108 /10 249 1.0101 1.4989 
benzoate /10 219 1.0150 1.4962 


benzoate 109 242 1.0026 1.4956 
benzoate 0.9923 1.4950 
Cyclo-hexyl benzoate 144/8 1.0567 1.5223 
benzoate 153 /10 1.1170 1.5719 
benzoate 0.9658 1.4913 


chloride 1.2187 1.5579 
acetate 1.0831 1.5047 

o-Kresyl acetate /10 1.0533 


ON 


Ten kinds esters benzoic acid, benzoyl chloride, acetate, 
butyrate and o-kresyl acetate have been studied. Among them, methyl, 
ethyl benzoate and benzoyl chloride have been studied Dadieu-Kohl- 
Their results are cited for comparison. 
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Table 
184(4) 191(4) 158(4d) 
353(3) 334(4) 314(3) 
613(3) 612(3) 614(4) 615(5) 412(1) 414(2d) 
670(1d) 670(1) 505(3) 505(4) 
812(3) 615(3) 615(4) 
1000(7) 999(8) 1000(10) 1000(8) 670(3) 669(5) 
1023(1) 1023(2) 1029(2) 1026(2) 
1082(1) 1078(2) 1106(3) 1107(2) 1000(6) 998(4) 
1110(2) 1114(2) (1162)(2) 1164(4d) 1028(2) 1027(4) 
1160(1) 1161(2b) 1276(5) 1268(8) 1166(6) 
1278(4) 1268(4) 1310(1) 
(1302)(1) (1366)(0) 
1452(1b) 1454(2d) 1454(2b) 1451(2d) 

1602(10) 1601(10) 1602(10) 1600(10) 1592(6) 1591(10) 
1723(8) 1720(8) 1720(9) 1719(8) 1774(4) 1776(6b, 
2930(2) 

2950(4) 2948(3d) 2981(3) 2980(2d) 
3069(8) 3072(8) 3067(4b) 
Table 
Methyl benzoate, 
| | 
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Table I.—(Concluded) 


| 


22268 e-670 k-3067 
21971 e-1449 


21917 


Av: 211 (3); 351 (3); 612 (3); 670 (1); 814 (4); 999 (8); 1023 (2); 1078 (2); 
3069 (8). 


Table II. 
Ethyl benzoate 


p-2931 

p-2976 


k-1106 21911 e-1027 


k-1305 e-1268 
k-1366 
21585 
k-1599 
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Table II.—(Concluded) 
21338 e-1600 
20010 e-2928 


333 (3); 615 (5); 668 780 846 1000 1026 (2); 
1107 1163 (4d) 1268 1305 (%); (1366) (%); (1395) 1451 (2d); 
1600 (10); 1719 (8); 2930 (2); 2980 (2d); 3071 (8). 


Table 


e-1721 


23103 


22749 
22631 
22600 


k-1602 


189 
307 
338 
667 


| 
| 


21217 
20058 


189 (0d) 
(8); 1021 (2); 1110 (4d); 1165 (5d); 
(8); (2881) (3b); (2914) (2b); 2979 3070 (8). 


307 (1d); 618 (4) 668 811 845 (0); 
1270 1303 1452 (3b); 1601 (10); 172 


3(b) 


Hg) 

e-2972 
e-3069 


910 (1d); 
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Table IV. 


23537 k-1168 


23105 k-1600 


22600 338 
21981 957 


Av: 202 298 (2d); 338 619 (5); 670 (3); 810 (2d); 843 (3b); 
957 (1); 998 (10); 1025 (2); (1081) (0)?; 1117 (5); 1164 1271 (7d); 1304 (1d); 
1455 (5d); 1599 (10); 1722 (8); 2868 (2); 2894 (2b,d); 2959 
(8). 
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Table 
Iso-propyl benzoate 


24287 22021 917 


24222 21940 998 


918) 21588 e-1350 

23355 21341 e-1597 

23106 k-1599 20066 
22755 183 20008 
22654 284 19960 e-2978 

22560 378 19871 

22325 670) 


oman 


o 


on = 


a 


183 (4); 284 (3b); 378 (%); 613 (4); 668 (3); 846 (5); 916 (3d); 998 (8); 
1022 (2); 1110 1162 (5b); 1269 (8); 1350 (2); 1451 (4d); 1598 (10); 1716 (8); 
(2872) (1); 2930 (3); 2979 (2); 3068 (8). 


Table VI. 
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Table 


k-1168 21775 

21670 e-1268 


21589 
k-1598 21553 
21486 
168 21445 


378 21220 e-1718 
614(f- 671) 20065 
670 19969 e-2969 
19869 e-3069 
805 


863 
901 
959? 
998 
e-1024 


Av: 168 (2b,d); 262 (2b); 378 (1b); 615 (4); 671 (2d); 804 (3b); 863 (3b); 
999 (8); 1024 (2); 1110 (1d); (1165) (5b) 1269 (8); (1313) (1d); 

Tabie VII. 


benzoate 


| 


23833 862(i-678) 
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Table VII.—(Concluded) 
| 


861 (3b, 915 (955) (1d) 999 1026 (2); 1104 1165 1271(8); 
1306 (1); 1459 (5d); 1601 (10); 1722 (8); 2971 (8); 3073 (8). 


Table VIII. 
Cyclo-hexyl benzoate 


22760 2(d) 178 21629 k-3076 


Vie 
| 
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2937 (5b, 3073 (5). 


e-1450 


178 (2d); 226 619 (2); 
(5d); 1269 (5b,d); (1d); 1450 (2); 1607 (8); 1722 (6); 2863 (4); 


Table IX. 
o-Kresyl benzoate 
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Table VIII.—(Concluded) 


No. 

20148 

20075 
19997 


e-2790( 
e-2863 
e-2941 


670 845 (1); 1003 (7); 1028 (2); 1168 


22491 


22322 


22265 
22235 


22137 


22068 


447? 
545 

586 

616 

673 
751 
858 
843 
870 


21491 

21452 
21391 
21343 


21208 


20022 
19874 


{| 
318 21561 e-1377 


e-1595 
e-1730 


e-2916 
e-3064 


(6); 3064 (6b). 


Av: 162 (4b,d); 196 (1d); 271 (2d); 318 
(2); 675 (3); 703 (4); 751 


(1b,d); (447) (0b)? 


843 (4); 870 (5); 996 (8); (4); 1108 
1160 (5); 1214 (7); 1261 (6d); (1377) (2b,d); 1447 (2); 1596 (10); 1730 (8); 2917 


545 (3d); 586 
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Table 
n-Octyl benzoate 


| 
23704 k-1001 22090 848 


23515 21671 


22753 185 e-1598 
22264 674 e-2926 
22140? 855? e-3069 


Av: 185 (1b,d); 264 620 (4); 674 (1); 848 1000 (7); 1023 (1); 
(1074) (5d) 1102 1164 1268 1303 (0b); 1450 (26); 1600 (8); 1717 
2841 B(2928) (5b); 3068 


Table XI. 
chloride 


23937 21939 999 
23708 21910 e-1028 
23539 21740 e-1198 


23113 21447 
22524 21170 e-1868 


22323 
22271 

22169 

21969 


Av: 158 (4d); 314 (2d); 414 (2d); 505 (4); 615 (4); 669 (5); 769 998 
(4); 1027 (4); 1166 (6); 1200 (8); 1591 (10); 1776 (6b,d); 3067 
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Table XII. 
acetate 


| | 


Av: 262 (5); 336 (5); 525 (4); 612 (4); 661 (3); 810 
(1358) 1487 (2d)?; 1590 (5); 1760 (2d); 2928 3068 


Table XIII. 
butyrate 

23340 1/,? k-1365 21939 999 

23246 k-1459 21847 e-1091 

23128 2(d) 191 21742 e-1196(k-2963) 


191 (1); 245 (5d); 328 894 (1d); 532 (2); 606(3); 679 810 
(3); 915 1000 (6); 1015 1094) (1); (1164) (3d); 1194 (1d); (1365) 
1455 1593 (1632) (2d)?; (2931) (3d); (2963) (1d) 
8062 (6b, d). 
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Table XIV. 
acetate 


| | 


23095 k-1610 1(b, e-1376 
23061 123 1(d) e-1435 
22822 116 1/,(d) e-1477 
22741 197 e-1575 
22637 301 4(s) e-1608 


22596 342 e-1764 
22414 524 2(d) e-2942 
22376 562 e-3052 


22282 


744 
822 
860 
914 


Av: 120 (5b); 197(4); 301 (3); 342 (2d); 524 (2); 562 (5); 656 (4); 709 (4); 
744 (4); 772 (4); 914 (2d); 1040 (5); (1124) 1165 
1218 1376 (2b, 1435 1477 1609 (48); 1764 (2); 
2942 (2d); 3053 


Discussion the Results. 


Frequencies Associated with the Benzene Ring. all the benzo- 
ates studied, the frequencies 615, 670, 1000, 1025, 1106, 1164, 
1269, (1303), 1452, 1600, 1720 and 3070 have been observed 
good constance, which those 1000, 1164, 1600 and 
3070 have been known associated with the vibrations C-C, 
and C-H linkage the benzene ring. These frequencies are little 
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The mercury spectrum 


— 
[Vol. 
(1) Methyl Benzoate 
(2) Ethyl Benzoate 
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(5) Benzoate 


a 


ab 


1933] 
(7) i-Amyl Benzoate 
(9) o-Kresyl Benzoate 
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(10) Benzoate 


4 


(11) Benzoyl Chloride 

(12) Phenyl Acetate 
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influenced increasing carbon atoms the chain radicals 
the benzoates, and show little variation phenyl acetate, butyrate 
and o-kresyl acetate. The absence o-kresyl acetate 
may considered that the shift taken place the appearance 
562 and that the latter shift seems characterize the o-di- 
derivative, the former the monoderivative. The appearance 586 and 
616 o-kresyl benzoate, gives the verifi- 
cation that the substance mono-derivative well di-derivative. 
This fact was confirmed the studies salicylates and phthalates, the 
report which will published soon. 

The frequency 1026 the benzoates which characterizes the 
mono-derivates aromatic compounds shows little decrease 
acetate (1018) and phenyl butyrate (1015), increase 
acetate (1040). The fact that the line question, increases the fre- 
quencies and its intensity the di-derivatives, which has been 
gated confirmed also this experiment. in- 
teresting that the case benzoate which mono-derivative 
well di-derivative, these relations appeared clearly, that is, 1018 
and 1036 have been observed. 


Frequencies Associated with the C-H Linkage Alkyl Radicals. 
The frequencies between 2850 and 2980 which have been well known 
attributable the aliphatic C-H linkage are almost accord with 
those the corresponding alkyl and The lines 
this kind are difuse and broad. 


the first member the series, viz., methyl benzoate, only well 
ethyl benzoate the corresponding line spalted into two lines, 2930 
and 2980 the same intensity. the other hand, the case 
ester, the aggregation many diffuse lines appears like band. 
the case iso-propyl ester, however, three lines 2872, 2930 
and 2979 reveal clearly, the middle one which the most intense 
and broad. proceed still higher the series, viz., ester, 
the continuous spectrum between the two lines 2873 and 2968 
appears like band while the case iso-amyl ester the continuous 
part quite homogeneous the same position. These relations are 
shown Diagram (1). addition, found that iso-compounds show 
more intense and clear lines this region, than those the correspond- 
ing n-compounds. 
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CeHsCOOCHs 
CoHsCOOC2Hs 
CeHsCOOC 

CoH sCOOCH(CHae 
(9) 
CcHCOOCEHn 
CeHsCOOC 
CeHsCOC! 
CeHsOOCCHs 


1000 1200 1400 
— 


Diagram Raman frequencies esters benzoic acid and fatty 


The frequency 1452 appears all the substances investigated 
except the case benzoyl chloride which does not contain the 
group. The frequency has been known due the transverse vibra- 
tion the hydrogen atoms group. 

the series alkyl benzoates, the same line increases the intensity 
and its breadth the carbon atoms increase. 

Frequencies Possibly Associated with the Group. The well- 
known frequency attributed linkage was observed also good 
constance, practically, all the benzoates. The shift 
ing the with the radical, and prominent 
increase exchanging the position the benzene ring and 
alkyl radical substituting the -O.R group with Cl. The structure 
and the Raman frequencies question are the following: 


| | | 


The frequencies was observed good constance and 
the strong intensity all the benzoates. Benkateswaran and Bhaga- 
have explained that attributed the COH group from 
the results alcohols and fatty acids. Wood and George 
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molecule. 


2295, 
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have explained that the same frequency attributable the transversal 


Part 


vibration the atoms the -C-OH group, from the fact that 


and not show the frequency. The absence the 
line butyl and higher alcohols has been explained the possibility 
that exists the higher alcohols and simply too weak recorded. 

Their explanations can not applied, however, the case the 
benzoates which not contain any COH group the 


The frequency was observed also all the benzoates 
independent the numbers the carbon atoms the alkyl group. The 


1223, and 673 leads suggest that the frequencies 


1720 
1776 
1760 
1753 
1764 
1730 

1724 
HCOOH 
1670 
1740 


1270 
1200 
1193 
1194 
1218 
1261 
1214 
1200 
1223 
1280 
1250 


1720, 1270 and 670 the benzoates may possibly attributable 
the valency frequencies the carboxyl group, 

considered that the frequency the benzoate 
corresponds that 1200 phenyl acetate, butyrate and o-kresyl 
acetate And the existence the same frequency, 
benzoyl chloride may attributed the 
dered that the shift the benzoates corresponds 
1760 phenol acetate and chloride. 
these frequencies most the fatty acids,@ especially, formic 
which has not any alkyl radical, seems given other verifications 
considerations above mentioned. The results have been compared: 


also consi- 


And the existence 


670 
669 


Thus the consideration that the frequencies 1270 and 
670 are attributed the -CO-O- group the compound the type 
and 1776, 1194 and are attributed that 
the compound the type seems supported the 
fact the case benzoate, which has the both types 
and the both frequencies 1214 and 
1261 reveal the same 


355- 


661 
679 
656 
675 
187 


Inner and Outer Frequencies between Atoms Atom Groups. 
Frequencies the inner and outer vibration between two atoms atom 
groups molecule are calculated using the well-known 


where the reduced mass; i.e., The constant 


6.06 and the velocity light, More practically, 
using the thermochemical data, work dissociation, (in Cal./Mol.), 
the wave numbers may calculated from the 


For the simplicity, the molecular formula, the bond, the force con- 
stant, (in dynes/cm.) between the two atoms atom groups taken 
from the table the (in 
Cal./ Mol.) taken from the table the reduced mass, 
the wave numbers (in calculated and that observed have been 
tabulated follows: 


No. Molecular formula 


4.99 0.1458 


0.1667 
0.1292 
0.1115 


0.0755 
C,H;COO CH; 0.0749 


C,H; (A=101)| 0.02994 507 


The line appears all the benzoates and disap- 
peared benzoyl chlorides and acetate. have been found also 
alcohols and most the esters fatty acids observed other au- 
thors) These facts seem make the confirmation the estimation 
that attributed the inner vibration the O-C linkage. 

The approximate calculation the inner vibration two atoms 
shows that the line may possibly attributed the 


356 

414 


Studies the Raman Effect Organic Substance. Part 357 


C-C well the O-C bond. Accidental may be, seems 
not impossible. And the fact that the line about has 
been found some the alkyl halides, such as, 
which have O-C bonds, and the line has 
found and which have aliphatic 
C-C bond seems give verification about it. Kohlrausch and his co- 
worker® have shown the fact that the and CH; groups exert the 
similar effect the rest, that is, for example, the following pairs give 
the similar Raman lines related with the rest. 


HO’ 


the present case, consider that the frequencies related with 
the may possible similar those related with the 
and that the two kinds the frequencies are 
associated united, which make appearance broad and diffuse line 
the dispersion the prism not large our experiments. The 
fact seems more possible, especially, the complex molecules. 

The frequencies observed phenyl acetate and 
butyrate are good coincidence with the calculated value and the con- 
sideration confirmed the existence the same line phenol. 

The same shift methyl benzoate, however, evidently different 
its origin. The outer vibration the valence frequency between the 
group and the acid rest may taken this case, shown the above 
table. 

Since the lengthening the carbon chain exerted little effect the 
benzene ring and the -CO-O- group mentioned above, seems right 
assume that only the group attached the rest relates with the 
valency frequencies the cases alkyl halides studied 
Thus, one the possible ways explain the frequencies the range 
800-900 the present investigation may take the frequency 
shift 846 ethyl benzoate the valence frequency between the 
alkyl radical the group and the acid rest, corresponding that 

surprising, however, that the case n-propyl benzoate 
observed. the case n-butyl benzoate two broad and diffuse lines, 
corresponding 810 and 843 were observed the same inten- 
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sity. iso-propyl benzoate only intense line with the same frequency 
that the case ethyl ester was observed clearly. iso-butyl 
benzoate two broad lines corresponding 804 and 863 and iso- 
benzoate, 836 and the same intensity were observed. 
explain these facts let consider the Free rotation” the 
alkyl group, namely, that the chain and the ring form the free space 
considered K.W.F. Kohlrausch and his co-workes their studies 
alkyl halides®), 
Thus the case benzoate, the radical takes two 
forms the space against the rest benzoic acid, viz., 
Chain form Ring forms 


where: the rest benzoic acid. 

With these two forms can explain the two frequencies occurred, 
though one which very weak. And with the same principle, can 
also explain the two frequencies observed the other benzoates. The 
fact that iso-propyl benzoate which can not take two forms, and has only 
the frequency 845 that ethyl ester, seems give support 
the principle. The frequencies the benzoates are tabulated follows: 

814 
846 
845 
843 


o,= 845 


3 


may consider the relation between the forms and the frequencies 
shown following: 
X—CH, 
remarkable deviation was found and ester, 
which may attributable the error measurement, account the 


CH, 

CH; 

ray 
4 
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broad lines possible deviation due the influence the 
group. 

The fact that iso-propyl benzoate coincides with 
that 846 ethyl benzoate may compare with the relation 
and the weight the molecular rests i.e. 121 and 127; 
though not only the weight that associated with the frequencies. 
And the fact that the frequency methyl benzoate, 
less than the corresponding one (at 846 ethyl benzoate, 
seems possible when compare with the relation that the 
case alkyl chloride the difference between methyl 
and ethyl derivative larger than that the case 
the corresponding iodide 522 methyl and 497 ethyl 
iodide). 


Attempt the Calculation the Valency and Deformation 
Frequencies. make assumption that the vibration the system 
three atoms atom groups exerts the Raman lines, the first order 
approximation, independent the other molecular rest, may apply 
the theoretical calculations Friedrich which are given in: 


= 


where Siz, are the reduced masses, the force constants and 
the distance between material particles, and mz, and respective- 
ly, the valency angle and 


— 
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When the three particles make iso- 


where 


And the equations (2) have been rewritten in: 
(4) 


and the necessary conditions for the real solutions the above equation 


Lechner has applied the above theory the simple molecules, such 
as, etc. for the force constants and valency 
angles. 

the substances studied, the following assumptions have been made, 
the molecules are very complicated: the first, assume that 
the theory can applied the system three atom groups atom 
and two atom groups, and secondly, that can applied portion 
the molecule, that is, the molecule considered some systems three 


atoms atom groups. 
Under the assumptions above mentioned, attempt calculate the 


valency system taking the part n-butyl 
radical isosceles triangle model and applying the equations the 
valence system, mentioned above. this case, take 14, 


$23 
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the tetrahedral valence angle the carbon atom, and the force 
values are obtained: 
And assuming 298 the valence and 
dyne/cm. are obtained, which may compare with the set 
the observed values, n-butyl benzoate: 957, 
And from these values, and butyl benzoate has 
been calculated shown below: 


other calculation carried out taking the part 


Thus, when assume which seems characterize 
the group question, from the fact that reveals and iso- 


butyl benzoates but does not reveal the normal benzoates, the follow- 
ing values are obtained: 


Comparing with the set the observed frequencies 1110, 


take 12, group, obtain, under the same 


3 

The facts that the frequencies 1110, 916, iso- 
iso-amyl benzoate, are found, seem confirm the above 
consideration, one hand, and the facts that these frequencies have been 
found also and iso-amy] alcohols and halides, studied 
other seem give other maintenance our considera- 
tion, the other hand. 


And since the frequencies calculated for the system 
are closed their values with the frequencies for the system 


may also permitted assume that the group 
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and benzoates, have also the system the frequencies 
closed with the above values, viz., 957, 289 n-butyl and 
propyl benzoates and 1110, 916, and benzoates 
are compared. 

Thus, can explain the frequencies 1110, 959, 910, 378 
iso-butyl benzoates and 1104, 955, 915, 356 (?) cm. iso-amyl benzoate, 


which have the system well group, 


that is, the combination the two types. And since the frequencies 
broad and diffuse that may suggested the 
aggregation the closed lines. 

Unfortunately, these frequencies question are weak, especially 
the case iso-amyl benzoate, that can not measure them exactly 
and the experiments are carried out means the spectroscope lower 
dispersion, that have little right advocate the consideration, but 
comparing with the results other derivatives which have the same 
type alkyl groups, studied other authors, mentioned above, the 
estimation seems not impossible. 

regards the vibration between alkyl radical and the complicat- 
acid rest other explanation has been done. Corresponding the 


seems possible take 1108, 814, (845), the frequen- 


cies for the system the benzoates. Thus 
can explain the following frequencies alkyl benzoates studied 


Methyl bezoate 


Ethyl benzoate 


(a) 
CH, 
C,H;” 
n-Propyl benzoate 


(b) 


Sy 
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(a) CH, 


(b) 
n-Butyl benzoate 


benzoate 


1110 845 284 


(a) 

(b) 

benzoate 


CH; 


(a) 
CH; 


CH; 


benzoate 


With the assumption that only the group adjacent the oxygen 
atom relates with the vibration the system and the free rotation 
the alkyl rest which has been mentioned the foregoing article, can 


explain these frequencies, attributable the system 


place the frequencies between the alkyl radical and the complicated 
acid rest. The frequency may explained the 
accidental accordance lines arising from the two origins, viz., from the 


O CH, 
| 
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conclusion, the authors wish express their thanks Ass. Profs. 
Nozoe and Ota for their advices and help and Messrs. Ishigaki 
and Murayama for their kind help. The authors express their indebt- 
edness the Taihoku High School which lent the spectroscope during 
the present investigation. 


Summary. 


(1) The Raman spectra the following substances have been mea- 
sured: methyl, ethyl, n-butyl, iso-propyl, iso-butyl, iso-amyl, 
cyclo-hexyl, o-kresyl and n-octyl benzoates, benzoyl chloride, phenol esters 
acetic acid and butyric acid and o-kresyl acetate. 

(2) The constitutive influences exserted the well-known fre- 
quencies the benzene ring have been observed. 

(3) The relation among the frequencies the region between 
2860 and 2980 associated with the C-H linkage alkyl radi- 
cals have been studied for the series benzoates. has been found that 
the intensity and the breadth the line corresponding the shift 
1450 considered attributable the transversal vibra- 
tion hydrogen atom the group, increases the carbon atoms 
the homologue are increased. 

(4) The frequencies 1720, 1270, 670 benzoates are 
estimated possibly attributed the frequencies the -CO-O- group. 

(5) The following shifts corresponding the inner vibrations be- 
tween atoms atom groups shown below have been 


Molecular formula Bond Cal. 
1114 1110 
1107 1110 
770 769 


(6) The frequency methyl benzoate has been 
estimated attributed the bond between group and the acid 
rest. The frequencies the region between 810 and 863 have 
been explained attributable the valency frequencies between the 
acid rest and the adjacent -CH.- group. The two frequencies the re- 
iso-amyl benzoates have been explained the consideration the free 


$ 
| 
4 

a 

4 

i. 

a 
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(7) The valency and the deformation frequencies have been thore- 
tically assuming that the molecule composed some systems 
three atoms atom groups. 
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UEBER DIE ACETOLYSE VON 


Von Kakuji GOTO, Kanno IIDA und Hideo SHISHIDO. 
Eingegangen 14. Oktober, 1933. Ausgegeben 28. November, 1933. 


Nach Anschauung Schépfs® und Abbauversuch Gotos® ist fast fest- 
gestellt dass 1-Brom-sinomenein (I) ein 
ist. Nun zeigt diese Substanz zwei Abweichungen von Kodeinon. Erstens, 
wird sein Jodmethylat nicht leicht abgebaut 
durch Erhitzen mit Alkohol. Dies beruht vielleicht auf dem Vor- 
handensein von einem gibt bei der 
Acetolyse nur Spur von Phenanthrenkérper, aber als Hauptprodukt 
einen stickstoffhaltigen von der Zusammensetzung 
fade gelbe Nadeln von Schmp. 

Die Konstitutionermittelung dieser Substanz bietet einige Schwerig- 
keiten, weil bei weiterer Behandlung diese Substanz stetz unkrystallisier- 
bar wird. gewinnt man daraus bei der Hydrolyse mit 10-proc. Salz- 
siure, bei der katalytischen Reduktion oder bei der Acetolyse Schliess- 
rohr bei 180° nur amorphe Masse. 


CH, 
CH, OCH, 


Mikro-acetyl-bestimmung zeigt dass diese Substanz zwei Acetyle 
Eine davon muss Stickstoff halften, weil diese Substanz fast 
neutral reagiert, d.h. sie muss eine des-N-Acetyl-base sein. Die Stellung 
von dem anderen Acetyi sich noch nicht feststellen. Die sehr nahelie- 
gende Vermutung ist dass sich dem enolisierbaren Keton C(6) 
haftet. Wir nehmen dieser Substanz den Oxydring nicht an, 


(1) XXXVII. Mitteilung iiber Sinomenin. 
(3) Ann., 489(1931), 86. 
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weil sonst der dritte Ring des Phenanthrens aromatisiert werden miisste. 
Aber dies stosst sich auf dem dieser Substanz, obgleich 
sehr gering ist. Die sehr leichte Oxydierbarkeit dieser Substanz stimmt 
auch mit der Annahme dass der dritten Kern teilweise hydriert ist. Ueber 
die Seitenkette-verschiebung sich auch kein Sicheres Wir 
wollen diesem Zustand diese Substanz nur 1-Brom-diacetyl-sinomenenin 
(II nennen und die genauere Untersuchung Zukunft ausfiihren. 

Acetolyse von 1-Brom-sinomeneninjodmethylat oder seiner des-N-Base 
gestaltet sich etwas Hier krystallisiert ausschliesslich 1-Brom- 
diacetyl-sinomenol (III) aus, welcher mit dem durch Acetolyse von 
Brom-sinomenin erhaltenen Produkt identisch ist. gibt sogar beim 
Entbromen Diacetyl-sinomenol welcher auch direkt aus Sinomenin 
schon lange dargestellt worden war. Vorherige Entjodieren von dem 
obigen Jodmethylat gibt bei der Acetolyse wieder ein anderes Produkt. 
Hier gewinnt man 1-Brom-3 methoxy-4, 7-triacetoxy-phenanthren (IV). 
Dieser wird auch durch die Acetolyse von 1-Brom-sinomenein-keton 
erhalten. Dass diesem Phenanthren keine Verschiebung von 
Hydroxyl-gruppe zustandegekommen ist, sich nicht zurzeit feststellen, 
weil den Versuchen, diesen Phenanthren-kérper Tetramethoxy- oder 
Tetraacetoxy-derivaten iiberzufiihren, wir erhieiten nur schlechte Re- 
sultate. Dies beruht vielleicht auf den Paaren von den 
Hydroxyl-gruppen. 


VI. 


Schépf hat bei der Acetolyse von dem entjodierten Jodmethylat 
von seinem wahren Thebainon bemerkt dass der Phenol- 
verseift wird. hat dabei die Vermutung dass eine 
etwa beigemengte Verunreinigung katalytisch diese Verseifung bewirkt 
Dass unserem Fall der die Verseifung des Enol- 
methoxyl nicht bewirkt, wurde dadurch bewiesen dass ein vorheriges 


Bulletin, (1930), 168. 
(5) Hirsch: 489(1931), 224. 


IV. 
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Kochen des Jodmethylat mit Eisessig allein nicht den Anstoss, diesen 
Triacetyl-kérper bilden, gegeben hat. 


Versuche. 


1-Brom-diacetyl-sinomenol. Substanz wird durch die 
Acetolyse von den folgenden Substanzen gebildet. 


Ausbeute 

1-Brom-sinomenin-chlorhydrat 

des-N-Methyl-1-brom-sinomenin 

1-Brom-sinomenin-jodmethylat 

1-Brom-sinomenein-jodmethylat 

des-N-Methyl-1-brom-sinomenein 

1-Brom-sinomenein 
Als Darstellungsmethode, gibt die Substanz die beste Ausbeute. 
1-Brom-diacetyl-sinomenol krystallisiert aus Eisessig lange Pris- 

men, die bei 187° schmelzen. 


Anal.: Subst. 0.1740; AgBr Subst. 0.0456; 
AgJ 0.0458 


Durch katalytische Reducierung, gibt dieser Substanz 0.5 gr. 
reinen Diacetyl-sinomenol (Schmp. 151°; auch die Mischprobe mit der 
Substanz direkt aus Sinomenin). 


1-Brom-diacetyl-sinomenenin 1-Brom-sinomenein wur- 
den mit und 0.5 Na-acetat unter Riickfluss 
3.5 Stunden gekocht. Nach dem Verjagen des Anhydrides V., der 
Riickstand wird mit viel Wasser behandelt. Die getrocknete, gelbe, 
voluminése Masse wird aus heissem Methanol umkrystallisiert. bildet 
lange, fade gelbe Prismen. Schmp. 135° (Sintern 125°). Ausbeute 
etwa Proc. 


0.1820; AgBr 0.6675 gr. Subst. 0.0502; AgJ 0.0450 

Mikro-anal.: Subst. 5.643; CO. 11.699; H.O Subst. 7.866 
mg.; 0.168 16.5°C., 764mm. Subst. 4.744; AgBr 1.818 mg. 
Subst. 2.579, 4.037; AgJ 2.498, 3.802 mg. Subst. 5.853 mg.; N/100 
NaOH 2.42 

17.78%. 


had 
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Wir ziehen hauptsachlich auf Grund des Acetyl-, Methoxyl- und Brom- 
gehalt die erste Bruttoformel vor. 


Spec. Drehung: 0.5651 gr. Subst. Chloroform. 1-dm. Rohr +0.20° 
+8,84° 


Beim Aufbewahren der Luft, nimmt 1-Brom-diacetyl-sinomenenin 
eine fade braune Farbe zeigt eine griine Eisenchlorid- 
reaktion, aber riihrt nicht von dem freien Phenol her, weil dieselbe 
Farbenreaktion mit Silbernitrat,* oder beim blossen 
hervorgeruft wird. Bei weiteren Umwandlungen, wird die Substanz un- 
krystallisierend, bei der Hydrolyse mit 10-proc. oder 
Natronlauge, bei der katalytischen Reduktion, oder bei der Acetolyse 
Schliess-rohr bei 180°. Diese Eigenschaft verhindert zur Zeit den weiteren 
Abbau. 

Kali-schmelze. 1-Brom-diacetyl-sinomenenin wird mit viel Kalium- 
hydroxyd und wenig Wasser bei erhitzt. Das entweichte 
Amin wird gefangen. Das Gold-chloridsalz krystallisiert 
Schlanken Prismen. Schmp. 233~ 235° (Zers.). 


Anal.: Subst. 2.908; Gef.: 51.20%. 
Ber. fiir 51.17%. 


Das Platinchloridsalz ist nicht wohl charakterisierend. Daher wurde 
das Amin-chlorhydrat seinem Chlorgehalt analysiert. 


Ber. fiir 43.56%. 


hier sich mit oder behandelt, sich nicht 
festestellen. 


dem Sinomeneinjodmethylat. Sinomeneinjodmethylat wird, durch Kochen 
Eisessig mit Silber-acetat entjodiert, das Filtrat wird zum Trocknen 
abgedampft und dann acetolysiert. Die Isolierung von 
geschiet wie gewohnlich. Umkrystallisiert aus Eisessig, stellt Prismen 
dar, die bei 216° schmelzen. Ausbeute etwa Proc. 

Aus 1-Brom-sinomenein-Keton. Dieses Keton wird 
licher Weise neun Stunden lang acetolysiert. Nach dem Abdampfen von 
Essiganhydrid i.V., wird der Riickstand mit viel Wasser behandelt. Das 


Nur ist bemerken dass beim Eintragen des der berechneten Menge 
des Silbernitrats fiir 2H, diese Substanz die Eigenschaft, sich damit griin 
verliert. 
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Teil wird Methanol gelést und einige Tage sich 
iiberlassen. Der auskrystallisierte Phenanthren schmilzt bei 212°, aber 


der Schmp. wird nach mehrmaligem Umkrystallisieren aus 
216° erhéht. Die Mischprobe schmilzt auch bei 216°. 


Anal.: Subst. 0.0700; 0.1402; H.O Subst. 0.1712; 
AgBr 0.0704 gr. Subst. 0.0495, 0.0536; AgJ 0.0232, 0.0250 
Subst. 4.340, 3.726 mg.; N/100 NaOH 2.60, 2.38 
27.98%. 
3-Methoxy-4, (VI). Diese Substanz 
wird durch katalytische Reducierung von 1-Brom-3-methoxy-4, 


triacetoxy-phenanthren Prismen von Schmp. 
steinreaktion negativ. 


Anal.: Subst. 0.0752; 0.1804; 0.0315 er. 


Chem. Laboratorium des Kitasato Institut, 
Shiba, Tokyo. 


(5) Die Bedingungen wie Ann., 497 (1932), 295 angegeben. 
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